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Abstract 
The approach to traditional teaching methods and student assessment leads to passivity. When learning is passive, can not make 
connections between what is taught and what the student knows, he must explain to the others. The mosaic is an interactive 
method of teaching physics. Carefully prepared, this method will be very appreciated by the high school students and will 
stimulate an academic approach. Basically, each student works (specialize) in a sequence, but the rest receives from colleagues. 
This article offers a version of mosaic method (Jigsaw method) for enhancing knowledge of atomic physics. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
The “Mosaic” method (JIGSAW technique) has been used in the educational process in many countries on 
all continents, both in the study of specific curriculum subjects and in various social activities. This method can 
improve the performance of pupils and students in all subjects by using the collaborative learning method. 
Collaborative learning is the learning process of those who do not know much while working with those 
who know well, it is a concept that continues to attract the attention of teachers; it is a process that aims to develop 
students both socially and intellectually. Various research have shown that especially at the primary, middle school 
and the university level, Jigsaw technique, is effective in the learning process of theoretical courses, in the 
development  of  critical  thinking  process  of  the  students  in  their  ability  to  express  them  selves  and  in  their  
communication skills (Kilic, 2008). 
Positive attitudes towards reading can be built, as demonstrated by its application on a study group of 72 
students from Cairo University, Faculty of Education, Department of English, over a period of two and a half 
months in school year 1999 - 2000 (Farouk, 2001). 
Rapid progress in content, organization, vocabulary and grammar in English language learning by the 
”buds” students of Qingdao University of Science and Technology - China were observed after applying the method 
JIGSAW on a number of 146 students during a semester in March-July, 2010 (Meng, 2010). 
A comparative research on the efficacy of learning this technique in teaching literary genres has been made 
on a group of 60 11 form students from the State High School Kayseri Turkey in the academic year 2008-2009. 
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Students said they had not got bored, they communicated effectively and they were happy during the learning 
process, a very important aspect, thus revealing the positive sides of the applied technique (Göçer, 2010). 
Jigsaw method proved to be an efficient and successful technique in entrepreneurship education, to 
differentiate MBA and doctoral students’ instruction (Holloway et. al., 2008). 
This method has proved highly effective in the distance teaching. A 1998 study conducted with the 
participation of two schools, one, a rural private school, located at 1600 km from Perth, and the other in Perth, has 
shown that the Jigsaw method has proven to be effective in the special conditions of education in Australia where it 
proves to be more ”interdependent” rather than ”co-operational”. Because of the long distance, the research team 
have organized the program by phone, and Asian, Aboriginal and European-Australian students participated in the 
program (Walker and Crogan, 1998). 
However, research results of many researchers who focus on teaching various topics of university physics 
indicated that conventional teaching hardly improves the teaching of principle concepts of physics. Similarly, 
experiences in this field suggested that even physics education conveyed by a well-prepared  presentation do not 
give effective results through understanding principal contents. (Tanel and Erol, 2008). 
2. Methodology of  Research 
The approach of traditional teaching methods and student assessment leads to students’ passivity. The most 
common traditional method of teaching, especially in Physics, in the last years of high school is lecture. The causes 
are multiple and easy to guess: lack of school laboratories, poor endowment of natural kits for existing laboratories, 
auxiliary materials, modern means of teaching and assessment (computers, projectors, educational software), 
sometimes exclusive use of the manual as a means of teaching and not at least, the poor motivation of students ( 
Physics teachers too), to study (teach) Physics. Lack of teaching aids (magazines, collections of problems, CDs with 
videos and virtual experiments, etc.) makes teachers use the traditional lecture as basic method of teaching Physics, 
although it is known that learning occurs only in a very small extent. Some studies of specialists in pedagogy and 
educational psychology have shown that: 
x The students are aware of only 40% of the time of the lecture (Polio, 1984) (USC TA, 2010). 
x The students retain 70% of the contents presented in the first 10 minutes and only 20% of those shown in 
the last 10 minutes (McKeachie, 1986) (USC TA, 2010). 
The brain processes information like a computer. For a computer to start working, you have to press the start button. 
When learning is passive, brain power button is not activated and cannot make connections between what is being 
taught and what the student knows, and to “save” the information, he must explain it to the others. The true learning 
is that which allows the transfer of acquisitions in new contexts. This is best facilitated by the interactive learning. 
The social aspect of learning was highlighted in 1966 by Bruner, who introduced the concept of reciprocity in 
learning, as an incentive of learning (Bruner, 1966). Theoretical studies and practical applications have shown that 
the students’ performances in school can become better if the course combines traditional teaching with modern, 
thus traditional methods will be partially or fully modernized. In debates concerning how to increase the learning of 
physical concepts, many researchers claimed that students need to take part in social interaction. In addition, it was 
underlined that while teaching physics, it is necessary to use methods which utilise instructional activities that 
students can think of what they are doing and think of the applications they are carrying out.  
It is also essential to allow students reflecting their own ideas and prepare an environment giving them a chance to 
discuss their learning with other students and their teacher (Tanel  and Erol, 2008). Traditional lecture may be 
restored by stimulating students’ interest, deepening students’ understanding, involving them during the lectures, by 
interrupting it, avoiding an end point.  
For example a story without a break to 12th form students on X-rays, without being involved in explaining 
the similarities/ differences with the external photoelectric effect, the shell model description of the atom with more 
electrons, production or experimental devices, would lead to reduced attention paid to the lesson and to delete the 
information from memory after a longer or shorter period of time, depending on students’ interest on the matter. The 
Physics teaching process will be differently deployed if we use interactive methods such as: brainstorming, I know/ I 
want to know/ I have learned five-minute essay, clusters, cube, snowball, mosaic (Jigsaw technique), discussion, 
graphic organizer, problem-based learning, investigation, case studies, debate, portfolio, and project. 
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Enumeration methods is easy, sometimes it is harder to effectively apply them in practice. These methods 
often involve group work. The modalities of establishing groups take into account many factors: students’ training, 
classroom conditions (including school furniture), equipments and teaching aids, students’ interest in studying the 
subject. Physics, as a subject of study, is disadvantaged in terms of these issues, especially for 12th form, where the 
matter is more complex, provision of teaching materials is weak or nonexistent, and students’ interest in the subject 
is the lowest of all the Physics study years (in Romania). An important factor in the use of interactive methods is the 
time. The time budget of a class is affected by students’ grouping required time intervals, communicating of the 
individual or group workload, the distribution of work sheets and teaching aids. Preparing a lesson in which 
interactive group methods are used, requires more energy from the teacher and a well devised strategy, whereas 12th 
form students are very attentive to details, coherence, fluency, but also to mistakes, immediately reacting, often 
vociferously to the teacher’s demands. From these reasons, from commodity, teachers prefer traditional lecture to 
achieve the lesson objectives in detriment of the quality and attractiveness of teaching. 
During the period 2003-2008 a Rural Education Project was financed in Romania by the World Bank the 
Romanian Government and the rural communities The aim of this project was the professional development of the 
primary and secondary (compulsory education) school teachers in rural areas. The purpose of the program was as 
the teachers, regardless of the discipline/subject taught to become aware of other techniques than those (traditional) 
which were used almost exclusively in teaching different subjects/disciplines. And physics is one of them. Before 
the practical application of the new teaching-evaluation methods, the expository activities recorded the highest 
weight assigned in the lesson’s times. In over 40% of the observed lessons the teacher's discourse lasted 15 or even 
30 minutes  in  the  economy of  a  lesson,  demonstrating  a  traditionalist  approach of  the  role  of  teacher  as  the  sole  
owner of knowledge and the central element of the teaching and learning processes. Almost exclusively, the students 
were traditionally set in a classroom, with desks arranged one behind the other, a format that significantly limits the 
visual and social interaction between students. The investigation revealed that during a lesson, most teachers do not 
initiate the reorganization of the classroom furniture, keeping the arrangement of the students the same throughout 
the lessons. In some cases, the feedback for students in the learning process was non-existent, the work of the 
teacher focusing almost exclusively on teaching rather than learning. The share of these cases ranged from about 4% 
of all observed classes. In the initial stage of monitoring and evaluation, according to the first longitudinal study of 
the project (Ministry of Education and Research, Romania, 2005, 2007), in almost 70% of the lessons observed 
there were not conducted any group activities, the  frontal  type interactions taking up the most important time 
budget of the lessons. The organization of differentiated activities did not constitute a central element of design and 
management of the learning activities. There were many situations in which individual activities were organized, but 
the workloads were not differentiated according to certain characteristics of the students
The learner-centred interactive teaching has presented and demonstrated the effectiveness of teaching 
methods applicable to all academic subjects, and the continuous assessment of students has approached, in addition 
to traditional methods, some complementary methods that lead together to school success, as presented in fig. 1. 
Figures represent the share of interactive methods applied in the 393 observed lessons during the project, by the 
mentor who has worked in the Vaslui County (Romania), between 2005-2008.
0
20
40
60
80
100
89 79 75
55
25 20 15 15 10 8 2
Figure 1 – The share of interactive methods 
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As Nattiv, Winitzky and Dricky express in their research, students are engaged in a higher rate of 
interaction with their friends when the cooperative learning techniques are used (Tanel  and Erol, 2008). 
The mosaic (Jigsaw) is an interactive physics teaching method. This method can be easily applied with 
better results in laboratory experiments, but when it comes to 12th form students, these experiments are small in 
number and the facilities do not allow its use. Carefully prepared, the method will be very appreciated with high 
school students and will stimulate an academic approach to the proposed theme. From the theoretical point of view, 
the mosaic has some advantages: 
x Boosts students’ self-confidence; 
x Develops argumentative group communication and networking skills  
x Develops critical, logic, and independent thinking 
x Develops individual and group responsibility 
x Optimizes learning by teaching someone else’s acquired knowledge. 
The “mosaic” involves dividing one lesson into sequences (the number equal to the number of working groups) that 
can be independently treated and that jointly attain the lesson’s objectives. The students are divided into 
heterogeneous groups of 4-6 students. Each student receives an individual worksheet; numbered 1 to 4-6, which 
shows the workload (the group is called Working Group). This involves an advance planning of the kind of tasks 
which outline the schedule and what kind of students they are addressed to. Then, the students that have the same 
number on the form will be organized into groups of “experts” who will actually perform tasks on the worksheets. 
After a period of  time agreed with the teacher, the students will assemble in original work groups, where they will 
“tell” or show their expert work, in turn, to the colleagues, until  the “whole” designed by professor (by ”mosaic” 
method), will be achieved through the contribution of each student group, within the group. Basically, each student 
works, (specializes) in a sequence, while receiving the rest from his colleagues. It goes on the idea that working less 
quantity, but the “qualification” is better. In order to apply the “mosaic” method, (The Jigsaw technique), a piece of 
modular furniture is necessary to allow the students grouping. It is preferable that students can follow the work of all 
colleagues in a working device, as proposed in the following arrangement (figure 2): 
Working Groups
Expert Groups
Figure 2 – The arrangements for working groups and expert groups 
The work sequences must be designed by the teacher so that students could cope with the workload. A 
surface design could lead to easy tasks for good students and difficult work for weak students; in both cases the 
results would not be the expected one. Individual and/or group worksheets are indispensable. It is also necessary to 
appoint a leader (”head”) for each working device to coordinate work and to report the team’s achievements. It is 
preferable that the achievements should be marked on sheets of flip chart with markers of different colours to 
sharply contrast on the flip-chart and to be easily seen in areas more distant from them. The impact of group 
methods  was  noted  to  be  greater  when  the  teams  assigned  for  themselves  a  name  and  a  coat  of  arms  and  the  
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competitive spirit is encouraged, as all teams have the same tasks and work and the final results assessment will 
encourage students to quality of work. 
 A small number of studies suggest learning methods and techniques, which are effective in elimination of 
misconceptions, which reduce student difficulties and realize meaningful learning (Tanel  and Erol, 2008). As for a 
Physics lesson, whatever it may be, to apply a single teaching method is very rare, a brainstorm  activity is useful to 
apply  before  the  start  of  work,  as  well  as  the  “I  know/I  want  to  know/I  have  learned”  method  or  a  few  minutes  
discussion to reinforce previously acquired knowledge and which is to be used during the class (what is a spectrum, 
spectral lines, that are expressions of the de Broglie’s wavelength of the radiation in the hydrogen atom, the electron 
orbits, the total energy of the electron-nucleus system). 
Students no.1 will receive a worksheet printed with the values marked of the mercury spectrum wavelengths and 
hydrogen’s spectrum spectral lines whose corresponding wavelength values have not marked. Most effective would 
be for the students to actually photograph the spectra of mercury and hydrogen and reproduce them in print with a 
computer and a color printer. The idea is that students who form the first group of specialists to determine the 
wavelength’s values of spectral lines observed. 
Students no. 2 will receive a worksheet where the values of the wavelengths of visible lines forming hydrogen 
spectrum are given and they will have to calculate the corresponding photon energies. 
Since the students know that they can see only Balmer’s series lines with the naked eye, for which n = 2 and k = 
3,4,5,6 the third group of students can calculate the energies of photons emitted by the electron’s transitions from 
higher levels of n on it. So actually, they will calculate the differences Ek - E2 (in eV). The worksheet will contain 
the value of the first level calculated in eV (E1 = -13.6 eV), according to Bohr’s model.
Group of students no. 4 will calculate the wavelengths of photons with energies: hQ32 = E3 - E2; hQ42 = E4 - E2; hQ52 = 
E5 - E2; hQ62 = E6 - E2. They will receive a worksheet will contain the value of the first level.
After they have finished working in groups of experts, they will meet in working groups, where each 
student will present the findings of work in peer groups of experts, as follows: 
Students no. 1 will show to colleagues that the hydrogen spectrum contains lines with wavelengths: 410,1 nm, 434 
nm,  486 nm, 656,3 nm. 
Students no. 2 will show that the emitted photons (whose wavelengths are given in advance by the teacher on the 
worksheet) should have the energies: 1,89 eV;  2,55 eV;  2,86 eV; 3,03 eV. 
Students no. 3 will show the possible values for the energies of photons emitted from the transitions on higher levels 
to n=2 (mathematically calculated as Bohr’s model) 1,89 eV;  2,55 eV;  2,86 eV; 3,03 eV. 
Students no. 4 will present the values of wavelengths of photons having energies with the values as mentioned by 
group of students no. 3 and they will compare them with those determined experimentally by the first group of 
students.  
Finally, each group will do a summary of all presentations, embodied through a graphic organizer or 
concept map which will be presented by the group leader, using a frontal presentation. As homework, the students 
will have to do an essay to establish the connections between their information and that received from colleagues, to 
make an overall composition whose purpose is mentioned in the article’s title. The entries can be very good pieces 
in the portfolios of students who love Physics. 
3. Conclusions 
One of the most controversial questions in teaching models of the atom is whether and how to teach the 
Bohr model. Some education researchers have claimed that we should not teach the Bohr model of the atom because 
it inhibits students’ ability to learn the true quantum nature of electrons in atoms. But the studies in this area have 
not confirmed this hypothesis (McKeagan, Perkins and Wieman, 2008).  
Using  the  method  “mosaic”  (The  Jigsaw  Method),  it  is  much  easier  to  understand  the  Bohr’s  planetary  
model and will be able to extrapolate knowledge to the other atoms with more electrons. The students will assimilate 
in fun way concepts as: orbit, orbital radius, discrete values of the orbital radius and the total energy of hydrogen 
atom, the importance of Rydberg's constant. These concepts will be used by students in the experience’s Franck-
Hertz study, for understanding the production of X and Laser Radiations and to explain the emission spectra. 
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Observations of physics lessons with a view to applying modern teaching methods – assessment, shows no 
doubt, that students interest in physics classes and school in general has increased significantly. Students participate 
more actively in class, doing practical work with the teacher. The knowledge of students is very important for school 
success, to be able to select the most effective and appropriate teaching methods. They met cases in which the same 
methods applied in teaching the same subjects, resulted in different outcomes from class to class. 
Certainly, we cannot talk about a universal prescription, in terms of increasing physics attractiveness, but in 
addition to the use of modern and updated teaching aids and tools, an important role is training teachers by involving 
them in finding solutions and methods to solve new situations. 
The Jigsaw method must to be used, its success will be guaranteed. 
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